Systemic embolization is a potential complication in patients with thrombi situated in the left atrium and particularly, in the left atrial appendage (LAA). Reduced LAA contraction velocities, determined by the transesophageal echocardiography (TEE), are associated with increased risk of LAA spontaneous echocontrast and thrombus formation, and a history of systemic embolism. However, TEE remains a semi-invasive procedure, limiting its serial application as a screening tool. Therefore, it is desirable to obtain information regarding LAA function by transthoracic echocardiography in patients having cardioembolic stroke. The present study was designed to investigate various echocardiographic variables for patients with stroke to predict LAA dysfunction, reflected as reduced LAA contraction velocity. We studied a total of 61 patients with newly diagnosed acute embolic stroke (42 patients) and transient ischemic attack (19 patients). Computerized tomographic scanning was performed for the diagnosis of embolic stroke. Left atrial functional parameters determined by transthoracic echocardiography, such as left atrial active emptying fraction and acceleration slope of mitral inflow A wave, had significant correlations with the LAA contraction velocity (r = 0.57, p < 0.001; r = 0.54, p < 0.001, respectively). Left atrial volume index, left atrial active emptying volume and left atrial fractional shortening were also correlated with LAA contraction velocity (r = −0.44, p < 0.001; r = 0.38, p = 0.003; r = 0.37, p = 0.004, respectively). In conclusion, transthoracic echocardiography can provide valuable and reliable information about the LAA contraction velocity in stroke patients with sinus rhythm. This finding gives new insights for the appropriate strategy in the evaluation of an acute ischemic stroke. left atrial appendage contraction velocity; transthoracic echocardiography; transesophageal echocardiography
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left atrial appendage contraction velocity; transthoracic echocardiography; transesophageal echocardiography Stroke is the third most common cause of death and the leading cause of long-term disability (Sacco et al. 1997) . Although authorities are not consensual about the appropriate strategy in the evaluation of an acute ischemic stroke (Cheiltin et al. 1997; Kapral et al. 1999 ), a great proportion of patients undergo a rather extensive cardiovascular workup to rule out cardiac sources of emboli (Asinger et al. 1989) . Stroke has a negative effect on cardiac functions (Apak et al. 2005) . About 30% of all patients with ischemic stroke or transient ischemic attack are found to have a potential cardiac source of embolism (Cerebral Embolism Task Force 1989) . It is well known that thrombus formation can occur in the left atrial appendage (LAA), not only in patients with atrial fibrillation but also in those with sinus rhythm when the peak late LAA flow velocity decreases (Mügge et al.1990; Pozzoli et al. 1991; Tabata et al. 1996) . However, it is also known that reduced LAA function is uncommon (7%) in patients with sinus rhythm (Pozzoli et al. 1991) . Systemic embolization is a potential complication in patients with thrombi situated in the left atrium and particularly, in the LAA. Transesophageal echocardiography (TEE) is the method of choice for evaluating both the structure and the function of the LAA. LAA systolic function is represented by late diastolic LAA outflow velocities, resulting from LAA contraction (referred to as "LAA contraction velocities") (Agmon et al. 1999) . Several studies have suggested that markers of LAA dysfunction, such as spontaneous contrast, low Doppler velocities, and enlarged appendage, are highly predictive of thrombus development (Fatkin et al. 1994; Kamp et al. 1999; Sadanandan and Sherrid 2000) .
TEE is a semi-invasive procedure that is uncomfortable for some patients. Availability and experience can also be a problem. Therefore, it is desirable to obtain at least some information regarding LAA function by transthoracic echocardiography (TTE) in patients having cardioembolic stroke. In this context, previous reports demonstrated that TTE has limited accuracy to detect abnormalities related to LAA morphology and function (Pop 1990; Cujec et al. 1991; Lee et al. 1991; Pearson et al. 1991) . On the other hand, several recent studies have used the velocities of LAA contraction as the possible surrogates of global left atrial contractile function (Ito et al. 1997; Daoud et al. 1999; Sparks et al. 1999) . Taking all these into account, the purpose of our study was to examine the value of LA functional indexes derived from TTE to predict LAA contraction velocity and presence of spontaneous echocontrast (SEC).
METHODS

Study population
The study group consisted of 61 consecutive patients (21 men, 40 women), with the mean age of 54 years (range 21-79) in whom TEE was ordered due to embolic stroke (42 patients) and transient ischemic attack (19 patients). Computerized tomographic scanning was performed for the diagnosis of embolic stroke. Patients with any valvular disease, atrial fibrillation, congenital heart disease, myocardial infarction, heart failure, and cardiac tumors were excluded from the study. All patients were in sinus rhythm. Study protocol was approved by the ethic committee of Siyami Ersek Thoracic and Cardiovascular Surgery Center and informed consent was obtained from the patients.
Echocardiography
TEE was performed by commercially available equipment (HP Sonos 5500, Hewlett-Packard, Andover, MA, USA) with a 5-to 7-MHz multiplane transducer. Topical lidocaine spray was used to anesthetize the oropharynx, and sedation with diazepam was achieved if needed. All images were recorded on the super-VHS videotapes. In addition to the standard TEE assessment, the LAA was visualized in multiple imaging planes in all participants. The LAA contraction velocity was immediately obtained after atrial contraction by placing a pulsed wave Doppler sample volume inside the proximal third of the LAA. We had to take the cutoff value of LAA contraction velocity higher (< 56 cm/s), because LAA functions in patients with sinus rhythm were expected higher compared to patients with atrial fibrillation. Also we aimed to extricate low risk patients for stroke.
TTE was performed just after the TEE examination using the same instrument with 2-to 4-MHz transducer in the left lateral decubitis position, according to standard practice guidelines (Henry et al. 1980) . The following echocardiographic variables were prospectively measured and calculated: (1) Measurements of the left ventricle diameters were made on M-mode traces recorded from the parasternal long axis view according to established standards (Sahn et al. 1978) . Minimal and maximal left atrial diameters were measured and fractional diameter change were calculated by using the formula Fractional diameter change (%) = ([maximum diameterminimum diameter]/maximum diameter) × 100. (2) Left atrial maximal volume was measured at the point of mitral valve opening, whereas left atrial minimal volume was measured at the point of mitral valve closure. Left atrial volume at the onset of atrial systole was considered as the volume corresponding to the onset of the P wave in the simultaneously recorded electrocardiography (ECG). Left atrial systolic (active emptying) function was assessed by the following parameters (Stefanadis et al. 2001 were measured with pulsed wave Doppler at the level of the mitral valve leaflet tips in the 4-chamber view, and the ratio of A to E was calculated. In each case peak A and E velocities, flow acceleration (Acc-S) of mitral inflow A wave (Fig. 1) , time velocity integral spectral tracings of mitral inflow and A wave, and diastolic filling period were measured. An average value was obtained from the recordings of 3 to 5 consecutive cardiac cycles with simultaneous ECG.
Statistical analysis
Statistical analysis was performed using SPSS version 10. To compare responses between groups, independent sample t-tests were used. Correlations between LAA contraction velocity and LA parameters were analyzed by simple Pearson's linear regression analysis and than by multivariate analysis. Correlations between the presence of SEC and left atrial parameters were assessed by spearman's rho linear regression analysis. Statistical significance was taken as p < 0.05. Data in the figures and tables are presented as the mean value ± S.E.M.
RESULTS
Clinical and echocardiographic characteristics of the study patients are described in Tables 1  and 2 . Patients had preserved systolic and diastolic ventricular dimensions and preserved systolic ejection fraction as shown in Table 2 . Potential sources of thromboembolism detected on TEE were atrial septal aneurysm in 11 cases (18%), and patent foramen ovale in 17 (27%). SEC was observed in 14 (20%) patients in left atrium and LAA. Thrombus was identified in only 1 patient (1.6%). 
Correlations between LAA contraction velocity and TTE parameters
The relationship between LAA contraction velocity and TTE parameters are presented in Table 3 . Among those parameters, left atrial active emptying fraction (r = 0.57, p < 0.001) (Fig.   2 ), acceleration slope of mitral A wave (r = 0.54, p < 0.001) (Fig. 3) , left atrial volume index (r = −0.44, p < 0.001), left atrial active emptying volume (r = 0.38, p = 0.003) and left atrial fractional shortening (r = 0.37, p < 0.004) showed the significant correlations with LAA contraction velocity. By stepwise and multiple linear regression analysis, the closest associations of LAA contraction velocity were found to be the left atrial active emptying fraction and acceleration slope of mitral A wave. The accuracy, sensitivity and specificity of the acceleration slope < 900 cm/sec 2 for demonstrating low LAA emptying velocity (< 56 cm/sec) were 90%, 92 and 80%, respectively.
Correlations between the presence of left atrial SEC and TTE parameters
The acceleration slope of the mitral A wave in patients with left atrial SEC was less than that in patients without left atrial SEC (796 ± 173 vs 1312 ± 359 cm/sec 2 , p < 0.001) (Fig. 4 ). There were correlations between the presence of left atrial SEC and acceleration of mitral A wave (r = −0.66, p < 0.001), left atrial fractional shortening (r = −0.52, p < 0.001), left atrial volume index (r = 0.51, p < 0.001), left atrial emptying fraction (r = 0.42, p = 0.001) and left atrial active emptying volume (r = −0.35, p = 0.02) ( Table 3) . By logistic regression analysis, the presence of SEC was closely related with acceleration slope of mitral A wave, left atrial fractional shortening and left atrial volume index. The accuracy, sensitivity and specificity of the acceleration slope < 900 cm/sec 2 for demonstrating the presence of left atrial SEC were 92 %, 96 and 77 %, respectively. 
DISCUSSION
Our study demonstrated that LAA contraction velocities correlate well with left atrial active emptying fraction and acceleration slope of mitral inflow A wave.
LAA dysfunction has been associated with a predisposition for the development of left atrial thrombus and the risk of thromboembolism, independent of various hemostatic variables indicating platelet or coagulation activation (Goswami et al. 2000; Ozer et al. 2000; Pozzoli et al. 2002) . Therefore assessing LAA function is of clinical importance. Most cardiologists believe that TTE is insufficient in the evaluation of LAA morphology, size, and function for establishing its embolic potential (Mügge et al. 1990; Heppell et al. 1997) , mainly because previous studies using fundamental imaging technology have demonstrated unsatisfactory sensitivity to detect thrombus (Shrestha et al. 1981; Otto 2002) . On the other hand, TEE has been considered the gold standard for LAA assessment (Pop et al. 1990; Lee et al. 1991; Pearson et al. 1991; Mügge et al. 1994; Santiago et al. 1994; Ito et al. 1996) , as it allows accurate evaluation of this structure in virtually all patients. However, this technique is semiinvasive, uncomfortable, costly, and carries its own risks (Daniel et al. 1991) . Therefore, delineating LAA function with a transthoracic approach would be desirable and practical.
LAA flow velocity has been used as a parameter of LAA function. LAA contraction results in a late diastolic, positive (i.e., toward the TEE transducer) Doppler outflow signal, shortly following the onset of the electrocardiographic P wave. This signal coincides with two-dimensional and color flow imaging of LAA contraction and outflow (Pollick and Taylor 1991) . In our study, we measured different parameters by TTE and correlated them with LAA contraction velocities in patients with sinus rhythm who suffered a recent stroke. As a result, left atrial active emptying fraction and accelration slope of mitral A wave were found to be the closest associated parameters to LAA contraction velocity. We observed that acceleration slope of mitral A wave has correlated well with global left atrial function. Nakatani et al. (1999) supported our results by indicating the strongest correlation of the mean acceleration of transmitral A wave to left atrial dP/dtmax (r = 0.78, p < 0.001) which is an overall index for assessing left atrial contractility. We found relationship between LAA contraction velocity and global left atrial parameters in our study. Okamoto et al. (1997) supported our results by showing the relationship between LAA contraction velocity and late diastolic mitral flow (mitral A wave). In contrast, Agmon et al. (2002) reported that the relation between LAA contraction velocities and multiple global LA variables was very poor in a large group of subjects. However, they performed TTE and TEE more than 1 hour apart, that is in another words under different hemodynamic conditions.
There is little information regarding the role of appendage flow on risk of thromboembolism in patients in sinus rhythm. In our study, similar to some reports (Kamalesh et al. 1998; Ozer et al. 2000) , thrombus was found only in one patient (1.6%), in whom LAA contraction velocity was < 30 cm/sec. None of our patients with a LAA contraction velocity greater than 56 cm/sec had SEC or thrombus on TEE corresponding to a negative predictive value of 100%. This result might have some clinical implications. For instance, there are no established criteria regarding the use of echocardiography and its mode (TTE or TEE) in patients with sinus rhythm and recent embolic stroke. Using acceleration slope of mitral A wave and left atrial active emptying fraction may give us information regarding the LAA contraction velocity, and the presence of SEC, and consequently unnecessary TEE examination is avoided. It can also be used to select those patients who may get the best benefit with TEE. In other words, acceleration slope of mitral A wave < 900 cm/sec 2 may act as a surrogate for indicating TEE in patients who experienced recent embolic stroke. However, this needs confirmation with further studies.
In summary, we present prospective evidence suggesting that TTE can provide valuable and reliable information of LAA contraction velocity and the presence of SEC. This finding may help to develop new strategies in assessment of patients with acute neurologic event especially in patients who carry a risk for TEE (esophageal varicose veins or severe pulmonary disease) or in cases where oral anticoagulation would be questionable.
Limitations
Some limitations of this study deserve consideration. First of all, the study involved relatively young patients with acute ischemic neurologic events and may not be applicable to patients with other disease. Secondly, we did not examine the relationship between LAA velocities and invasive measures of left atrial function. Although we excluded patients with any history of arrhythmia, another limitation is the failure to exclude paroxysmal atrial fibrillation completely.
